New guanidine containing molecular clips are described which show a high affinity (K a = 25 000 dm 3 m ol-1 ) for arom atic guest molecules; they aggregate to form scrolls when suspended in 1 mol d m~3 HC1.
The complexation of neutral molecules by synthetic receptors is a topic of great current interest in supramolecular chem istry. 1 Diphenylglycoluril based molecular clips of type 1 have been shown to be excellent hosts for neutral aromatic guest molecules. Especially dihydroxybenzenes, e.g. resorcinol and 2,7-dihydroxynaphthalene, display a high affinity for host compound l .2 The main binding sites in the clips are the urea carbonyl oxygen atoms which form hydrogen bonds with the hydroxy groups of the guests. Apart from this interaction, jtstacking between the cavity wall of 1 and the guest has been shown to influence the binding strength.2h We expected that transforming the urea functions in 1 into other groups would be an obvious way to modify the complexation behaviour of the clips. Guanidine functions are structurally related to urea and are known to be very strong bases.3 Replacing the urea function by a guanidine group should, therefore, increase the affinity of the clips towards hydroxybenzene guests. A further advantage is that a guanidine group could provide additional possibilities for functionalizing the clips. Its basicity can be controlled by variations in the substituent R (see Scheme 1) . Furthermore, on the basis of previous results with basket shaped molecules derived from the clips,4 it would be of interest to determine whether lyotropic liquid crystal behaviour can be induced in these simple clip molecules by the attachment of a long aliphatic chain to the guanidine group. This will create the possibility to incorporate the receptor molecules in aqueous bilayer systems. In this communication we report the results of experiments which were performed in this respect.
Initial attempts to replace the urea oxygen atoms of 1 by sulfur or nitrogen atoms by thiation using P2S5 or similar reagents, and by alkylation at oxygen (the first required step for replacement with nitrogen) were unsuccessful. It was possible however to synthesize clip 2 from thiourea and benzil in 60% overall yield via a route analogous to that published for clip l . 5 Only one of the thiourea groups of 2 was alkylated using one of the powerful alkylating reagents methyl inflate (MeOSC^CF^) or triethyloxonium tetrafluoroborate (E hO B F 4). Compound 3 was prepared by treating 2 with methyl triflate, followed by reaction with water and a base. A similar monoalkylation of 2 and subsequent reaction with ammonia or a primary amine provided compounds 4. Using similar procedures clips 5 can be synthesized from 3 in 60-90% yield depending on the substituent R (Scheme l).t Full experimental details will be reported in a forthcoming paper.
It was possible to obtain crystals of 4b suitable for X-ray analysis by the slow diffusion of hexane into a chloroform solution of this compound. Refinement of the data to an R value of 0.114 resulted in the structure shown in Fig. 1 , which proves that changing the binding sites does not alter the overall shape of the clip molecules.6! The unit cell contains four molecules of 4b and two molecules of chloroform. The former are present as two pairs (A and B) having slightly different conformations. The most important difference is the twist in the skeleton, as expressed by the P h -C -C -P h torsion angle, which is 24.0° in conformer A and 14.0° in conformer B. In the crystal structure of compound 1 this angle is 22.0°. The centres of the cavity walls are at a distance of 6.84 A in conformer A and 6.94 A in Q conformer B (6.67 A in compound 1).
The binding properties of hosts 2 -5 for the reference guest resorcinol were evaluated by 'H NMR titrations in chloroform using the H2 and H4>6 resorcinol hydrogens as a probe. The results are presented in Table 1 . The association constant of the The aggregation behaviour of compounds 4d and 5d was then studied. A sample of these clip molecules was suspended in aqueous 1 mol dm -3 HC1 and electron micrographs were taken by the negative staining/platinum shadowing technique. Both compounds were found to give multi-bilayer sheets which roll up to form scrolls [ Fig. 2(c/) j. This result is remarkable given the unusual structure of the amphiphilic clip molecules. Electron diffraction experiments proved that the observed structures were aggregates and not crystals (clip 4c. which forms crystals when treated in the same manner, was used as a reference sample). A sample of clip 4d was prepared in the same way as for electron microscopy and then evaporated to dryness to determine the bilayer thickness. The resulting powder was analysed by X-ray powder diffraction. The data revealed a repetitive distance of 40 A. This result can be explained reasonably if it is assumed that the aliphatic tails of 4d have an intercalated structure. The clips are probably packed as shown in Fig. 2{b ) since the positively charged nitrogen centres will prefer to be as close as possible to the water surface. The parallel orientation of the cavity containing head-groups will ensure the closest packing possible with intercalating tails. In the arrange ment shown the opposing clips can self associate to form a multilayer.7 The reason why this multilayer rolls up to form a scroll is, as yet, unknown. Local deficiencies of counterions or distortions in the packing of the clip molecules may be a possible reason. radiation Mo-Ka, 0.71073 À; 7 208 K: preliminary R = 0.090 for F > 6 0 . Full details will be reported elsewhere.6 § NMR titrations were performed as described in reference 2c.
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